Introduction
The use of high-resolution multispectral images (e.g. Ikonos, EROS, QuickBird) has been found to improve the recognition of man-made features in comparison to the utilization of RGB images or low resolution multispectral ones [Lee 2003; Kim 2006; Agüera 2006; Mayunga 2007; Agüera 2009] .
In previous works [Arcidiacono 2010c ; Arcidiacono 2010d; Arcidiacono 2012 ] the results of a classification methodology aiming at the automated recognition of crop shelters (i.e., greenhouses, tunnels, and vineyard pergolas) from high-resolution multi-spectral satellite images were presented. This methodology involved the use of automated per-pixel recognition methods and texture analyses. In detail, ten texture analyses were carried out by applying methods based on Grey Level Co-occurrence Matrix (GLCM) [Haralick 1973 ] and Grey Level Difference Vector (GLDV). Ten classifications were performed by combining the values provided by every texture analysis with RGB-band information. Such a technique was often used in classification procedures regarding manmade objects [Lee 2003; Wang 2004; Puissant 2005] .
The results of the accuracy assessment carried out for each classification showed analogous values to those obtained by other researchers who applied a similar methodology to a region of Spain characterized by a significant presence of crop-shelter settlements [Agüera 2008 ]. Moreover, in that previous study, Arcidiacono and Porto [2010c; 2010d; 2012] defined an index that made it possible to assess the overestimation of crop-shelter coverage obtained from each classification by comparing the number of pixels incorrectly classified as crop shelters with the whole number of pixels identifying crop shelters. That index R was used to select a set of textures to perform a further classification by combining these texture values with RGB-band information. The obtained classification was characterized by crop-shelter areas having a high pixel density despite the slight increase of classification errors in the background, which could be reduced by using filters based on shape and dimension of wrongly classified pixel clusters. The application of the methodology makes it possible to reduce the post-processing operations to be performed on the classification images which, on one hand, are needed to achieve a higher pixel density in crop-shelter areas and, on the other hand, generally determine an overestimation of areas classified as crop shelters.
The objective of this paper is to assess the accuracy of crop-shelter coverage classification achieved by combining texture information obtained from highresolution panchromatic images (0.6 m) with spectral information of high-resolution RGB bands (2.4 m). In detail, the aim is to verify whether the use of textures obtained from high-resolution panchromatic images contributes to improve the classification quality achieved by applying the methodology defined in the previous study. There, in fact, classifications were performed by using information contained in 'degraded' panchromatic layers, i.e., having a geometric resolution reduced in comparison with the initial one. To allow the comparison between the results of this paper with those previously found, the methodology was applied to the same sample area of the study area located in south-eastern Sicily (Italy).
Materials and methods
The water-fall model of the methodology adopted in this study is showed in Figure 1 . A more detailed description can be found in Arcidiacono and Porto, [2010c; 2010d; 2012] .
The described methodology was applied to a study area located in south-eastern Sicily, highly representative of the territorial use as intensive agricultural areas for protected cultivation. Table 1 summarizes the characteristics of the areas under study and the imagery used.
The panchromatic images were resampled to 128 grey levels. Moreover, the geometric resolution of the RGB multi-spectral bands was increased from 2.4 m to 0.6 m to enable the overlapping of their spatial information with that of the panchromatic images (Fig.  2) . The computation of the values concerning the 10 texture typologies was carried out by developing a specific application using the compiler Visual C++ 2008 express edition within an integrated environment of software programming (IDE) free distributed by Microsoft. The following textures were computed: Homegeneity (Ho):
(1) Contrast (Con): GLDV-Entropy (GLDV-En)): (10) where N represents the grey levels, P is the GLCM normalized and simmetric having dimension N × N, V is the GLDV normalized, P(i,j) is the (i,j)-th element of the GLCM, and V(k) is the k-th element of GLDV.
The window size used to compute the co-occurrence matrix was fixed to 19×19 because this dimension was appropriate for the average width of green-house span in relation to the image resolution. To obtain the average value of each texture measure, displacement vectors in four directions (0°, 45°, 90°, 135°) with a spatial distance of 1 pixel were used. For each pixel of the panchromatic image, the co-occurrence matrix allowed the computation of the values of the 10 texture typologies analyzed.
Since the resolution of the study area image was far higher (7547×7776 pixels) than that used in the previous study (1888×1945 pixels), the computation of the 10 textures was carried out only in the sample area and the two control areas, rather than in the whole study area. The 10 texture layers were then overlapped with those related to the RGB bands of the sample area and the control areas. In this study only the analyses related to the sample area are reported.
The previously defined training sample was used in order to extract the spectral signatures of crop shelters [Arcidiacono 2010c; Arcidiacono 2010d , Arcidiacono 2012 . Within this sample of signatures also a number of parcels representative of 'uncovered' crop shelters, i.e., lacking in the covering film and identifiable by their structure through the visual recognition of images, was included. The histograms of the selected spectral signatures showed a nearly-normal distribution, therefore the Maximum-Likelihood classifier (MLC) was used. In detail, 10 classifications were performed by combining each texture layer with the RGB-band layers. The classifications were carried out by using the commercial software Leica Erdas Imagine®.
The thematic layers obtained from the classifications were then recoded by assigning the value 1 to the 39 classes of crop shelters and the value 0 to the remaining classes. This recoding was necessary to obtain two distinct classes: the first one containing the set of classes related to crop shelters; the other one providing information on background.
The accuracy assessment was carried out by selecting ground control points (GCPs) at an equal interval over a space of 5 m (87,776 points), according to a systematic sampling approach. Lower values of the grid size did not improve accuracy assessment values (data not shown).
To perform the accuracy assessment, the thematic layer related to crop-shelter coverage was obtained by visual recognition of satellite images. The thematic layer of crop-shelter coverage, composed of the feature classes representing the parcels covered with greenhouses, tunnels, or vineyard pergolas, as well as the thematic layer containing the GCPs were produced in vector format by using a GIS software. Afterwards, each GCP was assigned to the crop-shelter class, or else to the background class, by carrying out the topographic overlay of the GCP vector layer with the crop-shelter coverage one. In detail, two spatial queries were performed in order to select those GCP located within crop-shelter polygons and GCPs outside them (background). Two different attribute values were assigned to the GCPs, i.e., 1 to those located within crop-shelters and 0 to those outside them. Every attribute value was compared with the corresponding pixel value in the classified image in order to produce the error matrix for each of the 10 classifications. This error matrix was then used to compute the indices defined by McKeown (1999) and the R index [Arcidiacono 2010c; Arcidiacono 2010d; Arcidiacono 2012] . Table 2 summarizes parameters and indices computed in this study.
Another analysis was carried out to evaluate the accuracy of the contour detection. In detail, for each of the 450 parcels i located in the sample area, the fraction of crop-shelter parcel area (ε i ) which extends beyond the parcel boundary was computed by following the steps defined below: -Computation of the pixel majority count (i.e., count of the pixels having the value 1 within the considered parcel and which, therefore, were classified as 'greenhouse') and the pixel minority count (i.e., count of the pixels having the value 0 within the considered parcel and which, therefore, were classified as 'background') [Erdas 2003 ].
-Computation of the area related to the pixel majority count (A 1 ) and to the pixel minority count (A 2 ) by multiplying each count for the considered image resolution (i.e., 2.4 m or 0.6 m). -Computation of the contour area A Ci as:
A Ci =(A 1i +A 2i ) -A i (11) where A i is the area of each parcel measured in the crop-shelter vector layer.
-Computation of the theoretic overall number n Ti of the pixels which constitutes each parcel boundary. Such number was computed by producing a raster layer of crop-shelter parcel boundaries from the vector one. In detail, a specific layer was produced having the same resolution of the thematic classification layer. -For each crop-shelter parcel, computation of the overall number n Gi of the contour pixels having value 1, i.e., belonging to the crop-shelter class. Such a number was computed by overlapping the thematic layer containing the parcel boundaries with the thematic classification layer. -Computation of the ratio between n Gi and n Ti. This number quantifies the real fraction of pixels belonging to the contour classified as crop shelters. -Computation of the fraction of the crop-shelter parcel area (ε i ) which extends beyond the parcel boundary, by the following relation:
The average, the maximum, the minimum, and the standard deviation values of the errors ε i in crop-shelter contour detection were computed for the whole sample area.
The described procedure was followed for the computation of the areas ε i obtained from the classifications carried out by using resampled panchromatic images (i.e., resolution of 2.4 m) and native-resolution panchromatic images (i.e., resolution of 0.6 m). Table 3 shows the values of McKeown's indices and the R index computed to assess the accuracy of the classifications obtained using different combinations of information from RGB and texture layers.
Results and discussion
The results related only to the RBG-band layers confirm once more the findings of previous studies [Arcidiacono 2008; Arcidiacono 2010c; Arcidiacono 2010d] . In detail, though crop-shelter classification is accurate (GDP=85.71%) and there are few empty islands inside crop-shelter coverage (MF=0.17), the value of the index BF is equal to 0.22. This resulted in misclassification of some soil types as crop shelters.
In general, the main objective of the classification affects the choice of the texture. If it is to minimize the number of pixels belonging to the background wrongly classified as crop shelters (low BF and then high QP), i.e., to reduce the 'salt-and-pepper' effect in the background, then the texture parameter 'entropy' fulfils the objective requirements, in this case study (Tab. 3). On the contrary, if the main classification goal is to minimize the pixels belonging to crop-shelter coverage wrongly classified as background (low MF and then high GDP), i.e., to reduce empty islands, then the information derived from the texture parameter 'standard deviation' results more suitable to the aim (Tab. 3).
In this study, the use of the R index aimed at guiding the choice of the best combination of RGB layer with textures in order to achieve the lowest value of MF, yet having a value of BF very close to the minimum one. The experiences carried out in this study confirmed, in fact, that the improvement of crop-shelter classification can be achieved by combining the information derived from a set of textures with that of RGB bands. In detail, in order to reduce the number of FP (i.e., the 'salt-and-pepper' effect) the texture layers characterized by an R value lower than a threshold value, equal to 1.14, were selected. This threshold value establishes that the pixel number responsible for the 'salt-and-pepper' effect (FP) keeps below the 14% of the GCPs selected within crop shelters (i.e., FP < 14% (TP+FN).
In this analysis, the combination satisfying this condition included the information related to the textures 13 [Arcidiacono 2010c; Arcidiacono 2010d; Arcidiacono 2012] computed for classifications obtained using different combinations of information from RGB and texture layers, for the sample area. Fig. 3 -Comparison between the accuracy of contour detection of the classification performed by using resampled panchromatic images (i.e., resolution of 2.4 m) and that of the classification carried out by using panchromatic images with native resolution (i.e., resolution of 0.6 m).
Con, Me, En, ASM, and Cor, as shown in Table 3 .
The comparison between the combinations RGBCon-Me-En-ASM-Cor and RGB-En, which has the minimum value of the index R, showed good results: reduction of MF index from 0.22 to 0.13; improvement of both GDP and QP indices which still have a low ratio R equal to 1.13; very slight worsening of the BF index which increases by 0.01.
The comparison between the combination RGBCon-Me-En-ASM-Cor and that obtained in the previous studies [Arcidiacono 2010c; Arcidiacono 2010d; Arcidiacono 2012] , showed improvement of the indices MF (+0.02) and GDP (+1.43%), and a decrease of the indices BF (-0.02) and QP (-1.13%). Therefore, the results achieved in this study showed that the use of textures computed from high-resolution panchromatic images improves crop-shelter pixel density despite a worsening of the background detection, which could be reduced by using filters based on shape and dimension of wrongly classified pixel clusters. This result allows the reduction of post-processing operations to be performed on the classification images to achieve a higher pixel density in crop-shelter areas. These operations can be performed by neighbourhood processing methods [Gonzalez 2002 ] with the aim to enhance and restore crop-shelter areas. Some of these operations were used in a previous work [Arcidiacono 2010b ] carried out to recognize crop-shelter coverage by RGB aerial images. Figure 3 shows the comparison between the accuracy of contour detection of the classification performed by using resampled panchromatic images (i.e., resolution of 2.4 m) and that of the classification carried out by using panchromatic images with a native resolution (i.e., resolution of 0.6 m). Moreover, Table  4 reports the average, the maximum, the minimum, and the standard deviation values of errors ε i in cropshelter contour detection computed for the whole sample area in the two cases.
A very high accuracy in contour detection was achieved by using panchromatic images with native resolution. The error on contour detection reduced by about 6.7% on average, with minimum and maximum values which ranged between 0.3% and 36.7%.
Figs. 4a and 4b report an excerpt of the crop-shelter thematic maps obtained by carrying out the two classifications. Generally, the detection of crop shelters obtained in this study was far more accurate than the one related to the use of resampled panchromatic images. Moreover, an improvement of the recognition of 'uncovered' greenhouses is achieved. In fact, the 14 TABLE 4 -Average, maximum, minimum, and standard deviation values of errors ε ι in crop-shelter contour detection computed for the whole sample area. four 'uncovered' greenhouses in the top left corner of the Figure 4c show a higher pixel density and a better contour detection in Figure 4b than in Figure 4a .
The results obtained in this study highlight how the use of textures computed from high-resolution panchromatic images can be suitable to improve the identification of parcel contours. Since a relevant computational burden is required to texture computation, the use of the proposed methodology is more adequate for the construction of large-scale maps (≥ 1:5000) in which, besides inserting the features related to crop shelters, the definition of parcel contours with a higher precision would be required. These contours, in fact, if correctly delineated could make it possible to add further information to the drawn map, such as, for instance, information related to paths for pedestrian and/or vehicles recognizable between crop shelters.
The classifications obtained by using the proposed methodology could be used to produce thematic maps of crop-shelter coverage suitable to analyze its variation over time within planning tools regarding land use, and landscape and environmental preservation [Arcidiacono 2010a; Picuno 2011] . Finally, the methodology proposed in this study can be adopted for the extraction and vectorization of classified cropshelter contours. This would be in accordance with the actual international research hints [Agüera 2009 ] which indicate in the use of high-resolution panchromatic images possible improvements to obtain contours corresponding to only one crop shelter.
Conclusions
In this paper the results of a classification methodology aiming at the improvement of automated recognition of crop shelters from high-resolution multispectral satellite images are presented.
The accuracy assessment of these classifications was performed by using McKeown's indices. The defined index R was used to select that texture layer combination which improves crop-shelter pixel density despite a worsening of the background detection. Such errors could be reduced by using filters based on shape and dimension of wrongly classified pixel clusters.
The results of this work were compared with those found in a previous research carried out in the same sample area located in south-eastern Sicily (Italy). They proved that the use of texture layers obtained from native-resolution panchromatic images contributes to improve the crop-shelter classification quality (i.e., MF and GDP indices) in comparison to that of classifications performed by using information contained in 'degraded' panchromatic layers. A further analysis carried out to evaluate the accuracy of the contour detection, showed that the fraction of crop-shelter parcel areas which extends beyond the parcel boundary reduces by 6.7 % on average, with a maximum decrease of 36.7 %. 
SUMMARY
Actual research challenges in automated recognition of crop shelters regard, among other issues, the accuracy of classification, contour detection and typology identification. In this field the use of high-resolution multispectral images has been found to improve the feature recognition in comparison to RGB images or low resolution multispectral ones.
As for classification methodologies, per-pixel and object-oriented ones offer different tools to cope with image recognition and feature extraction. In this study, to improve the classification of cropshelter coverage, the per-pixel method was applied to high-resolution multispectral images, coupled with a texture analysis of high-resolution panchromatic images. In detail, the results of the classification accuracy assessment achieved by the use of native high-resolution panchromatic images and RGB-band images resampled accordingly, were compared with those found in a previous study in which panchromatic images degraded to the RGB-band image resolution were used.
The results show that the proposed methodology is suitable to improve crop-shelter classification quality and contour detection of parcels.
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